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MIRACLE MILE WATER QUALITY ASSURANCE REVOLVING FUND (WQARF)
FEASIBILITY STUDY

ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY

1.0 INTRODUCTION

This Feasibility Study (FS) Report has been prepared for the Miracle Mile Water Quality
Assurance Revolving Fund (WQARF) site (Site) located in Tucson, Arizona (Figure 1). The report
has been prepared by the Arizona Department of Environmental Quality (ADEQ) and
Hargis + Associates (H+A) on behalf of ADEQ.

1.1 FEASIBILITY STUDY REPORT

This FS Report has been prepared in accordance with the “Work Plan for Feasibility Study,
Miracle Mile WQARF Site” dated April 2013 by URS (URS, 2013a) and Article 4, Remedy
Selection, presented in the Arizona Administrative Code (A.A.C.) Title 18, Chapter 16 (A.A.C.
R18-16-407). The purpose of the FS Report is to:

o Present a reference remedy and alternative remedies capable of achieving Site remedial
objectives (ROs); and

e To evaluate the remedies based on the comparison criteria to select a remedy that
complies with Arizona Revised Statute (A.R.S.) Section (§) 49-282.06.

Additionally this FS Report includes a Land and Water Use Study Addendum (Appendix A) to
address an expanded Study Area since production of the Remedial Investigation (RI) report (URS,
2013b).

Miracle Mile Feasibility Study 1
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2.0 SITE BACKGROUND

The Site is located in Tucson, Arizona, and generally bounded by Curtis Road to the north, Prince
Road to the south, Pomona Road to the east and La Cholla Boulevard to the west (Figure 1). The
site contaminants of concern (COCs) are trichloroethene (TCE) and total chromium (Cr) for
groundwater, and TCE and hexavalent chromium (Cr*®) for soil. Other contaminants detected at
the Site but generally below standards include tetrachloroethene (PCE) and 1,1-dichloroethene
(1,1-DCE). Nitrate was named a contaminant of potential concern in the RI, but has since been
found to be from not related to the Site and likely stemming from non-point sources (Amec,
2015b). The potential source areas are located in the southern portion of the Site along North
Romero Road, between West Prince Road and West Price Street (Figure 2). Figure 2 shows the
properties in the areas where elevated concentrations of TCE and hexavalent chromium (Cr*)
have been found in the vadose zone. Descriptions and details on the extent of contamination that
are listed throughout this report are taken principally from the Remedial Investigation (RI) report
(URS, 2013b), soil vapor extraction (SVE) pilot test report (Amec, 2016c), chromium sampling
report (Amec 2017), groundwater monitoring reports (Amec, 2016b, H+A, 2019) and a shallow
soil vapor sampling report. The properties discussed at the Site include:

e Former Coca-Cola Bottling Plant: Currently the location of Friedman Recycling (Friedman)

and A Family Discount Storage. Soil vapor sampling results show the area in the north
part of these properties has elevated concentrations of TCE and PCE in soil vapor. TCE

was detected in the soil vapor as high as 65,550 micrograms per cubic meter (ug/m?3).

o Public Storage, Inc. (Public Storage): This property was vacant land until circa 1973,

located to the north of the Fairfax Industrial Park. TCE was detected in soil vapor at a

maximum of 65,550 ug/m?.

o R.E. Darling Inc. (R. E. Darling)/Fairfax Industrial Park: This facility has a history of TCE

usage including spray bottle application and degreaser operations. TCE was detected at

a maximum of 1,092,499 ug/m?3in soil vapor. The property contained a production well
(called the Fairfax well) that potentially acted as a conduit for contamination to the regional

aquifer.

e Abrams Airborne Manufacturing Inc. (Abrams): This facility has operated at 3735 North

Romero Road since 1965. This facility had reported TCE usage, including a vapor

Miracle Mile Feasibility Study 2
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degreaser. A soil sample collected beneath a plating room detected chromium up to 2,310
milligrams per kilogram (mg/kg). The company received a waste water discharge violation

for chromium in 1998. TCE was detected up to 83,800 ug/m?in the soil vapor.

Former Spring Joint Specialists, Inc. (former Spring Joint): This facility was located at 3660

North Romero Road. They used TCE from 1974 to 1982. Chrome plating operations
began 1975. Site operations ceased in 2002. A subsurface concrete sump was removed
in 2003. Cr*® has been detected in the soil beneath the sump as high as 3,420 mg/kg. In
2005 an asphalt cap was installed in the northeast corner of the property as part of an

early response action (ERA).

Desert Auto & Refrigeration: Records indicate that the former Spring Joint operated at this
3675 North Romero Road location in 1971 to 1972 and again in 1977. TCE was detected
in the soil vapor at 2,500 pg/m?.

Former Gilpin Airport and Freeway Airport: Previously operated at portions of the 3735,
3675, and 3749-3761 North Romero Road parcels prior to Abrams, Desert Auto, and R.E.
Darling.

More detailed descriptions of the history of the properties are provided in Section 7.6 of the RI
(URS, 2013Db).

2.1 SITE LITHOLOGY / HYDROGEOLOGY

The Site is underlain by unconsolidated basin fill materials. The general lithology and

hydrogeology includes:

The vadose zone in the southern portion of the Site extends from the land surface to
approximately 60 to 95 below ground surface (bgs) where perched aquifer is encountered
(Figure 3). The vadose zone is composed of interbedded sands, silty sands, clayey sands,
silty gravels, silts and clays. A deep vadose zone extends from below the perched zone
to regional aquifer. The vadose zone in the northern portion of the Site, (where the
perching layers are absent) extends from the land surface to 160 to 180 feet bgs where

the regional aquifer is encountered.

The perched aquifer, present in the southern portion of the Site, is composed of saturated

materials under aerobic conditions. It is not a single water bearing unit, but rather a series

Miracle Mile Feasibility Study 3
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of small horizontally and vertically discontinuous poorly connected saturated zones
(Amec, 2015a; Amec, 2016a). The perched aquifer generally occurs from 60 to 95 feet
bgs; however, isolated saturated materials occur higher and lower than this depth range.
Water levels measured in monitor wells screened within the perched aquifer have
decreased over time, with many monitoring wells going dry. The perched aquifer is absent

in the northern portion of the Site.

e The regional aquifer is encountered at approximately 160 to 180 feet bgs and is under
aerobic conditions. It is predominantly: clayey sands; clayey gravels, and sands. Water
level elevations measured in regional aquifer wells between 1995 and 2015 declined
approximately 33 feet (1.6 feet/year). However, since 2015, water level elevations have
risen approximately four to five feet. Since 2002, groundwater flow direction in the regional
aquifer has been north to northwest. Between 1992 and 2000 groundwater flow directions
were northeasterly (Amec, 2016a), most likely due to groundwater pumping to the
northeast of the Site. On the northern portion of the Site, where the perched aquifer is
absent, the vadose zone and regional aquifer are generally composed of coarser materials

than to the south.

2.2 PRIOR INVESTIGATIONS

The following is a brief summary of the findings of investigations, ERAs, and other activities
performed at the Site. A more detailed summary of Site investigations is presented in the RI (URS,

2013b). In addition, post-RI investigations are summarized in Appendix B.

TCE IN SOIL VAPOR: From 2001 to 2004 passive soil vapor sampling was performed across the
potential source areas. Two areas of elevated TCE mass were detected (Figure 4). One area
encompassed the eastern half of the Abrams and R.E. Darling properties and the Public Storage
property. The second area was in the northern portion of the Friedman property, north of the
former Coca Cola Bottling Plant. Elevated amounts of PCE were also detected in this area (Figure
4).

The vertical profile of volatile organic compounds (VOCs) was investigated in 2002 when 10 soil

borings were drilled and sampled across the potential source areas (URS, 2013b). The data

Miracle Mile Feasibility Study 4
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indicated two areas of contaminated soil vapor at depths between the surface and the perched

aquifer, following the same lateral distribution as the 2002 passive soil vapor survey.

Between 2016 and 2018, active shallow soil vapor surveys were performed across the potential
source areas and on adjacent properties (Figure 5). The sampling program confirmed the extent
of contaminated soil vapor seen during the passive sampling in 2002. Subsequently, in 2018,
indoor air and background air samples were collected from 9 locations and analyzed for VOCs
(Figure 6). Four indoor air samples detected TCE above residential indoor air regional screening

levels in non-residential use buildings.

HEXAVALENT CHROMIUM IN SOILS: In 2003, the former Spring Joint had USTs, piping,
concrete slabs, and contaminated soils removed from southern portion of the former Spring Joint
property (Figure 7a). Contaminated soil with Cr*® concentrations levels as high as 3,420 mg/kg
were excavated from the site (URS, 2013b). The information available to ADEQ on this removal

is limited.

In 2004 a limited site characterization and well installation program performed on the former
Spring Joint property found soil over SRLs Cr*¢ in the paved parking area south of the former
Spring Joint building ranging from 73 mg/kg (35 feet bgs) to 159 mg/kg (55 feet bgs). Groundwater
samples collected from the perched groundwater during this investigation contained TCE that
ranged from 9,900 micrograms per liter (ug/L) to 120,000 pg/L. In addition, Cr*® was also detected
at depth just inside the property boundary at RSC Rental Equipment located at to the south of the
former Spring Joint (1770 West Prince Road) at 208 mg/kg (60 feet bgs). Results of dust samples
collected from the RSC Rental Equipment property found Cr*® ranging from 1.0 to 4.3 ug.

Between 2004 and 2005 results from an extensive shallow soil investigation at the former Spring
Joint property indicated that a former drum storage area in the northeast corner contained
chromium in levels above the pre-2007 residential Soil Remediation Levels (SRLs) but below non-
residential SRLs. Chromium levels ranged from 6 mg/kg to 2,800 mg/kg at 0 to 6 inches bgs and
5.2 mg/kg to 1,700 mg/kg at 24 to 36 inches bgs in the former drum storage area (Figure 7a). As

this portion of the property was unpaved in 2005, ADEQ installed an asphalt cover to reduce the

Miracle Mile Feasibility Study 5
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potential for exposure to chromium containing dusts from this area. The asphalt cover consisted

of 2-inches of asphalt concrete compacted on 4-inches of compacted aggregate base.

In 2015 and 2016, nine additional borings were drilled on the former Spring Joint property. The
results of the investigations indicated the vertical extent of Cr*® in soils above the residential SRLs
is 95 feet bgs (32.5 mg/kg, boring B-7). The lateral extent of Cr*® above the residential SRLs is
limited to an area immediately south of the former Spring Joint building (encompassing borings
B-1, B-2, B-4, B-6, B-7, B-8, SJ-MW-1, and SJ-MW-2, Figure 7b). The impact to shallower soils
was determined to be limited to approximately a 20-foot radius around boring B-4. Perched
groundwater on lower permeability clayey soils present at 60 to 65 feet bgs may have contributed
to the spread of chromium at depth, causing the migration of chromium associated with perched

groundwater onto the RSC Rental Equipment property.

Historical soil samples collected at the Abrams property beneath a plating room were reported to
ADEQ to contain chromium up to 2,310 mg/kg. This exceeded the residential, but not the non-
residential pre-2007 SRL for chromium. There are no available hexavalent chromium soil data

from this property.

GROUNDWATER: Between 1990 to 2016, 51 monitor wells were installed across the Site for the
evaluation of groundwater conditions. Twenty-one monitor wells are screened in the perched

aquifer and 30 in the regional aquifer.

Perched groundwater concentrations of TCE have in general decreased over time. The extent of
the perched water TCE contamination is currently confined to the extent of the known perched
groundwater. The highest most recent concentration in the perched aquifer is 2,000 ug/L in IRA-
19 (Figure 9). Chromium in the perched groundwater only exceeds AWQS in the vicinity of the
former Spring Joint property (Figure 13). The perched aquifer may be acting as a long-term source

to regional groundwater.

In addition to the TCE concentrations decreasing, the groundwater levels in the perched aquifer
have been generally decreasing, with many wells now dry. This is opening up various areas that

were previously saturated to vadose-zone remedial methods such as SVE.

Miracle Mile Feasibility Study 6
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In December 1999, Arizona Department of Water Resources conducted a review of the Fairfax
well abandonment report and concluded that the well may not have been properly abandoned.

The well was re-abandoned in 2002.

SVE PILOT TEST: In 2016 a SVE pilot test was performed to evaluate SVE as part of a site
remedy (Amec, 2016c). The work included installation of an 80-foot deep SVE well (SVE-1) and
two nested vapor monitoring probes (VMP-1 and VMP-2) in the area of IRA-19. The pilot test
found that SVE is a viable technology for the site. The report concluded that a conservative
horizontal radios of influence (ROI) was estimated to be 60 feet, and recommended that future
design of a full-scale system would need 50-foot spacing between extraction wells. The report
also found that the deep vadose zone may need closer spacing of wells due to the finer grained
materials. TCE concentration decreased from 37,270 pug/m?® (pre-test concentration) to 11,120

pg/m3 (post-test concentration) over the test period.

EARLY RESPONSE ACTIONS
To date the following five ERAs have been implemented at the Site:

¢ The re-abandonment of Fairfax well at the R.E. Darling property;
* Re-equipping of FWID-72 to address loss of use of wells due to TCE contamination;

¢ Construction and operation and maintenance of a GAC treatment system to remove
TCE from groundwater pumped from FWID wells 70 and 75 (currently on by-pass);

¢ Installation of an engineered asphalt cap over chromium-contaminated soil at the former

Spring Joint property; and
e Well head treatment at the Silver Cholla Mobile Home Park (MHP) water supply well.

In 2018, TCE was detected in the Silver Cholla MHP supply well at 6.2 ug/L, above the AWQS of
5.0 pg/L. Clean drinking water was immediately provided to the residents, and a well head
treatment system was subsequently installed in 2019. The system uses liquid granulated
activated carbon (LGAC) to remove TCE from the groundwater. Except for the well head
treatment at the Silver Cholla MHP, detailed descriptions of the ERAs are provided in the Rl (URS,
2013b).

Miracle Mile Feasibility Study 8
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2.4 CONCEPTUAL SITE MODEL

The conceptual site model (CSM) includes sources, migration to soil, soil vapor, groundwater and

potential routes of exposure (Figure 3).

SOURCES: Soil vapor surveys indicate TCE concentrations were highest in areas around the
R.E. Darling and Abrams properties (Figures 4 and 5). In addition, an area of elevated TCE and
PCE in the soil vapor was found in the northern area of the former Coca-Cola Bottling plant
property (Figures 4 and 5, and URS, 2013b). Soil sampling has shown elevated concentrations
of hexavalent chromium in areas near to the former Spring Joint facility and elevated chromium

in soils at the Abrams property.

MIGRATION: TCE released in the subsurface adheres to soil particles, volatilizes into air voids
and/or dissolves in soil moisture. As soil moisture migrates downward, dissolved TCE moves with
it, eventually reaching groundwater. TCE has been detected at elevated concentrations from near
surface to the perched aquifer. Volatilized TCE in soil vapor tends to disperse from areas of high
concentrations and/or high relative pressure to areas of lower concentrations and/or lower relative
pressure. This results in high soil vapor concentrations near release locations with a dispersion
halo around the release location (Figure 4). In the arid southwest, it has also been found that TCE

vapor can travel down through the vadose zone and impact groundwater (Walter et. al, 2004).

Chromium, found in soil and groundwater, is generally found in one of two valence states: Cr*3 or
Cr*8. Cr*8is more mobile and hazardous than Cr*3. Chromium released in the subsurface adheres

to soil particles and/or dissolves in water where it can be mobilized.

Dissolved TCE and chromium can migrate with soil moisture deeper into the vadose zone,
eventually coming into contact with groundwater. Some of the contaminated perched groundwater
likely continued to flow vertically down reaching the regional aquifer. The Fairfax Well potentially
acted as a conduit for vertical movement of contamination to the regional aquifer (Figure 3). Once
within the regional aquifer, TCE and chromium move downgradient with the groundwater,
generally to the north/northwest. TCE can volatilize from contaminated groundwater, therefore, a

soil vapor halo of TCE is possible above contaminated groundwater.

Miracle Mile Feasibility Study 9
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Groundwater in the regional aquifer contains TCE and chromium exceeding the Aquifer Water
Quality Standards (AWQS) of 5 pg/L and 100 pg/L, respectively. From the source area, the TCE
and chromium plumes migrated with the groundwater to the north/northwest. The TCE plume is
longer than the chromium plume. Numerous municipal water supply wells, small provider supply
wells and private supply wells are located downgradient of the current plume (Figure 16). Test
results from three supply wells (FWID-70, Silver Cholla MHP supply well, and North Cholla MHP
supply well) have historically or currently exceeded the AWQS for TCE. Groundwater sampling
performed in 2018 and 2019 indicate that FWID-70 is not currently impacted above AWQS.

EXPOSURE ROUTES: A receptor comes into contact with Site COCs only if a complete, or
potentially complete exposure pathway exists under current or future land use or groundwater
use conditions. For an exposure pathway to be considered complete, it must be possible for a
chemical to be transported via an environmental medium to a potential receptor location and then
for the receptor to come in contact with the chemical and assimilate it into their bodies (e.g.
ingestion, inhalation, or dermal contact). The following is a summary of exposure pathways at the
Site:

o Vapor intrusion potentially exposing building occupants to TCE at concentrations greater
than the Environmental Protection Agency’s (EPA) RSL for residential indoor air (Figure
6). The highest detected indoor air concentration of TCE was 1.5 uyg/m® at 1770 West
Prince Road, above the residential-RSL of 0.48 ug/m?3, however, this building currently

has non-residential use.

e Exposure to groundwater contaminated with TCE and/or chromium is possible by using
extracted groundwater from the regional aquifer. The routes of exposure include: ingestion
of groundwater, inhalation of TCE vapors from groundwater during water use, and dermal
contact with groundwater. As of the writing of this report in 2019, two supply wells (Silver
Cholla MHP, and North Cholla MHP) have TCE results greater than the AWQS. The Silver
Cholla MHP has a wellhead treatment system to remove TCE from the water system. The
North Cholla MHP was re-sampled after the April 2019 site-wide sampling program
because of the observed rising TCE concentrations. On July 31, 2019, a sample from the

North Cholla MHP supply well contained TCE at 5.5 pg/L. The residents are currently

Miracle Mile Feasibility Study 10
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being supplied clean water by ADEQ while a wellhead treatment system is designed. The
extent of chromium in groundwater above the AWQS is less extensive than TCE, and no
water supply wells are impacted by chromium. Over time, the TCE and chromium plumes
will continue to move downgradient and may contaminate additional water supply wells
(Figure 16).

Because the perched aquifer is not used as a source of water there is no exposure risk
from consumption. Soil vapor investigations suggest that volatilization from the perched
groundwater is insufficient to reach the land surface. Contamination in the perched

groundwater likely poses a continuing risk to the regional aquifer.

Soils with Cr*¢ concentrations exceeding SRLs are located at the former Spring Joint
property. A portion of the former Spring Joint property is currently capped with asphalt,
therefore, the exposure pathway is incomplete. Other portions of the property with high
Cr*8 concentrations at depth are covered with an asphalt parking lot which limits exposure
and infiltration. However, disturbance of the asphalt and exposure of the underlying soils
may provide a future exposure pathway for ingestion, inhalation and dermal contact. The
asphalt cap and parking lot reduces infiltration of water into the subsurface which reduces
the movement of chromium. Not enough data is currently available to ADEQ to show Cr*®

concentrations exceeding SRLs anywhere else at the Site.

2.5 DATA GAPS

Data gaps of understanding the Site conditions are:

Complete vertical and lateral extent of clay layers creating the perched aquifer
Extent of chromium contamination on the Abrams properties

The groundwater flow regime near the toe of the plume

Miracle Mile Feasibility Study 1M
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3.0 FEASIBILITY STUDY SCOPING

The following present the regulatory requirements of pertinent statutes and rules, guidance

documents, delineation of the remediation areas, and the ROs identified by ADEQ.

3.1 REGULATORY REQUIREMENTS AND GUIDANCE DOCUMENTS

The following regulatory requirements and guidance documents were utilized in the preparation

of this document:

A.R.S. §49-282.06 “Remedial action criteria; rules”
A.A.C. R18-16-407 “Feasibility Study”

A.A.C. R18-11-406. “Numeric Aquifer Water Quality Standards: Drinking Water Protected
Use”

A.A.C. R18-7-210 Appendix B “Soil Remediation Levels”

EPA RSL Summary Table (TR=1E-06, HQ=1) November 2018

The definitions and requirements for remedial actions and preparation of a feasibility study are
provided in A.R.S. §49-282.06 and A.A.C. R18-16-407. According to A.R.S. §49-282.06, remedial
actions shall:

1.

2.

3.

Assure the protection of public health and welfare and the environment.

To the extent practicable, provide for the control, management or cleanup of the
hazardous substances in order to allow the maximum beneficial use of the waters of the

state.

Be reasonable, necessary, cost-effective and technically feasible.

Additionally, according to §49-282.06 in selecting remedial actions the following factors shall be

considered:

1.

2.

Population, environmental and welfare concerns at risk.

Routes of exposure.
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3. Amount, concentration, hazardous properties, environmental fate, such as the ability to
bioaccumulate, persistence and probability of reaching the waters of the state, and the

form of the substance present.

4. Physical factors affecting human and environmental exposure such as hydrogeology,

climate and the extent of previous and expected migration.

5. The extent to which the amount of water available for beneficial use will be preserved by

a particular type of remedial action.

6. The technical practicality and cost-effectiveness of alternative remedial actions applicable

to a site.

7. The availability of other appropriate federal or state remedial action and enforcement
mechanisms, including, to the extent consistent with this article, funding sources

established under CERCLA, to respond to the release.

Specific requirements for feasibility studies under the WQARF Program are provided in
R18-16-407. According to R18-16-407 “The feasibility study is a process to identify a reference
remedy and alternative remedies that appear to be capable of achieving remedial objectives and
to evaluate them based on the comparison criteria to select a remedy that complies with A.R.S.
§49-282.06.” Additionally it states a feasibility study “shall provide for the development of a

reference remedy and at least two alternative remedies...“

Soil and water quality standards were referenced from A.A.C. R18-11-406; A.A.C. R18-7-210
Appendix B. Indoor air screening levels and the associated soil vapor screening levels are from
the EPA RSL tables.

A.A.C. R18-11-406 provides AWQS that apply to aquifers that are classified for drinking water
protected use. The AWQS for the Site COCs, chromium and TCE are 100 pg/L and 5 ug/L,
respectively (Table 1).

A.A.C. R18-7-210 Appendix B provides the soil remediation level “a pre-determined risk-based
standard based upon the total contaminant concentration in soil, developed pursuant to A.R.S.
§49-152(A)(1) and listed in Appendix B...” The residential and non-residential SRLs for Cr*? are
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2006), and the most recent maximum concentration from the groundwater sampling
events in 2018 and 2019 was 80,000 pg/L (SJ-MW-2 in 2019) (Figures 12 and 13).

e The regional aquifer contains chromium exceeding the AWQS. The chromium plume
extends from IRA-7 north to IRA-25 and is approximately 100 feet in depth. The maximum
concentration from the groundwater sampling events in 2018 and 2019 was 2,200 pg/L
(IRA-31 in 2019) (Figures 14 and 15).

3.3 REMEDIAL OBJECTIVES

A Final Remedial Objectives Report was provided as Appendix D in the Remedial Investigation
report (URS, 2013b). The following ROs were presented:

The RO for land use at the former Spring Joint Specialists and RSC properties is to protect
against possible exposure to hazardous substances in surface and subsurface soils that
could occur if property improvements were made to facilitate commercial use. ADEQ will
ask the property owners to place a DEUR on their properties (or portions of properties)
containing hexavalent chromium above the residential SRL to ensure that current and
future property owners maintain the property as non-residential use and maintain the
asphalt as an engineering control. If additional work at the Site is necessary beyond
maintenance of the asphalt cover, ADEQ will coordinate with the property owners and work

towards a remedy that is compatible with these development plans.

The RO for groundwater will be to restore, replace or otherwise provide and protect for the
current and future municipal use of the regional aquifer threatened or impacted by TCE
and/or chromium contamination emanating from the Site. This action is needed for as long
as the level of contamination in the groundwater resource threatens or prohibits its use as

a municipal water supply.

The RO for groundwater will be to protect for the future non-potable use of the regional
aquifer threatened by the TCE and/or chromium contamination emanating from the Site.
This action is needed for as long as the level of contamination in the groundwater resource

threatens its use as a non-potable water supply.
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4.0 IDENTIFICATION AND SCREENING OF REMEDIAL MEASURES AND STRATEGIES

4.1 INTRODUCTION

This section will present the evaluation and screening of various remedial measures and

strategies that have the potential of meeting Site ROs. The basic remedial measures outlined in

AA.C.

I o

R18-16-407 (F) are:

Plume remediation to achieve AWQS for COCs throughout the site

Physical containment to contain contaminants within definite boundaries
Controlled migration to control the direction or rate of migration of contaminants
Source control to eliminate or mitigate a continuing source of contamination
Monitoring to observe and evaluate the contamination at the site

No action

There are several important considerations which impact the selection of remedial strategies and

measures. They include:

Concentrations of TCE above the AWQS are present in the water supply wells at Silver
Cholla MHP and North Cholla MHP. If the TCE plume continues to migrate, additional

water supply wells may become impacted (Figure 16).

Existing municipal infrastructure may be available for remedial measures (e.g. hooking up

to alternate water supply, discharge of treated groundwater).

The perched aquifer is likely acting as a continuing source for TCE and chromium to the
regional aquifer. TCE and chromium concentrations in the perched groundwater are

elevated and the site lithology does not appear to provide an effective barrier.

The regional aquifer TCE contamination occurs at low levels but over a large area,
approximately 280 acres (8,900 feet long by 2,740 feet wide). The chromium plume is
smaller, approximately 4,400 feet long and up to 1,500 feet wide.

High levels of TCE in soil vapor have been detected in the source areas.
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4.2 SCREENING OF TECHNOLOGIES

Technologies commonly used for treating the Site COCs are presented below. The basic
treatment mechanisms, suitability and limitations are discussed. The following criteria may be

utilized for the evaluation of each remedial alternative:
e Overall Protection of Human Health and the Environment
e Compliance with ROs
e Long-Term Effectiveness and Permanence
¢ Reduction of Toxicity, Mobility, or Volume through Treatment
e Short-Term Effectiveness
¢ Implementability
e Cost
o Regulatory Agency Acceptance
¢ Community Acceptance.

The technologies are generally screened against these criteria, then those that are retained are
then used to develop remedies for the Site (Section 6). The reason a particular technology is

retained for further evaluation or eliminated from consideration is also discussed.

No Action would involve no engineered remediation measures, administrative controls, or
monitoring of contaminated soil and/or groundwater at the Site. This alternative would not prevent
exposure to contaminants at the Site. It likewise would have not control the fate and transport of
existing contamination. No Action is not retained as a remedial measure because it is not

protective of human health and the environment, and does not meet Site ROs.

Monitored Natural Attenuation (MNA) allows for natural processes such as dilution, dispersion,

volatilization, biodegradation, adsorption, and chemical reactions with subsurface materials to
reduce contamination over time. Monitoring is necessary to verify that these processes reduce
contaminant concentrations to acceptable levels and at rates consistent with meeting Site ROs.

MNA is generally applied as a stand-alone technology when it can be used in a reasonable and
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predictable time frame, relative to other remedial options, to restore a site to its designated
beneficial uses. MNA is not appropriate where imminent site risks are present. Source control and
long-term monitoring are essential components of MNA. Additionally, it is essential that
contaminant dynamics indicate either a relatively static condition or regression in terms of
advancement. MNA can be applied to all or part of a site and in conjunction with other remedial
measures. MNA is retained as a remedial technology in conjunction with other remedial

measures.

Enhanced Bioremediation is a process in supplements (e.g. nutrients, oxygen, or other

amendments) are added to the soil or groundwater to enhance degradation of the contaminants
by micro-organisms. This technology has a relatively high cost and would be difficult to implement
at the Site. Site conditions (e.g. oxygen availability and available carbon) are not favorable for
biodegradation of the COCs, and because of the size and depth of the plumes this technology
would require the drilling of numerous deep borings for the injection of amendments. Additionally,
application in the perched aquifer may increase leaching of contaminants to the regional aquifer.

Enhanced bioremediation is not retained as a remedial measure.

Soil Flushing is an in situ treatment technology where either water or a liquid solution is injected
or infiltrated through soil to extract contaminants. The application of the soil flushing solution
raises the water table into the capillary fringe and contaminants are leached into the groundwater,
which is then extracted. Recovered flushing solutions may be disposed of or treated. The large
size of the TCE vadose contamination zone make this technology expensive and difficult to
implement. The treatment technology is more suited to the Cr*® contamination near the former
Spring Joint property. Cr*®is present in the vadose zone over a relatively small and defined area.
Implementation would require construction of a capture extraction well and a treatment system
for recovered fluids. A laboratory and field treatability study would be necessary prior to full-scale
implementation. Soil flushing is retained as a remedial measure for treating Cr*® contamination

and is not retained for treating TCE.

Soil Vapor Extraction (SVE) is a vadose zone remedial technology in which a vacuum is applied

through extraction wells to create a pressure gradient that induces gas-phase volatiles to be

removed from soil through extraction wells. Extracted vapor may be treated to recover or destroy
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the contaminants. SVE is the EPA presumptive remedy for treatment of VOCs in soil. An SVE
pilot test was conducted in 2016 at the R. E. Darling property and found to be a feasible

technology for the VOCs at the site (Amec, 2016¢). SVE is retained as a remedial measure.

Ex Situ Treatment involves aboveground treatment of excavated soils. Excavation may be

performed by grading equipment or large size augers. Excavated soils may be processed by
biological treatment, physical treatment, chemical treatment, and thermal treatment. Off-site
disposal is also an option. Ex situ treatment is an effective method for treatment of contaminated
soils; however, because of the depth of contamination it is cost prohibitive. Ex Situ Treatment is

not retained as a remedial measure.

Institutional Controls (ICs) are laws, rules or legal/administrative instruments that prevent or

limit unacceptable site receptor exposure to contaminants and/or protect the integrity of the
remedy. Examples of applicable ICs include Arizona Department of Water Resources (ADWR)
restrictions on installation of new wells and ADEQ’s Declaration of Environmental Use
Restrictions (DEURs). A.R.S. § 45-454(C) limits installation of new exempt water supply wells
(with a pump capacity of less than 35 gallons per minute (gpm)) within Active Management Areas
(AMA) where a water provider already exists. The Site is located within the Tucson Active
Management Area. Additionally, when a property owner or well driller applies for an ADWR well
drilling permit for a location within one (1) mile of a WQAREF site or site plume, ADWR informs the
property owner that their planned well location is near or within the WQAREF site and sends them
a map of the site/site plume boundaries. Institutional controls may help identify and prevent
accidental exposure to site contaminants. Institutional controls are retained as a remedial

measure.

Engineering Control is a physical method used to eliminate and/or reduce exposure to

contaminants. Engineering controls may include containment by placement of caps and/or
isolation by fencing off contaminated areas. Capping is among the more common response
actions employed for contaminated soils. It is generally less expensive than other technologies
and effectively manages the human and ecological risks. Additionally, capping reduces vertical
infiltration of water into wastes that would create contaminated leachate. A material such as

asphalt can be used to form a surface barrier between the contaminated soil and the environment.
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Periodic maintenance may include inspection and crack filling. It is a well-established remedial
measure for preventing contact and reducing water infiltration. Engineering control is retained as

a remedial measure.

Depressurization is a simple technology designed to reduce the influx of contaminated vapors

from the subsurface into buildings. SVE wells are installed in close proximity to buildings
considered at-risk for vapor intrusion. These extraction wells induce a negative pressure around
and underneath the building. Wells are screened 5 to 10 feet bgs and are connected to a vacuum
blower via a pipeline network. The vacuum blower would be small in comparison to a typical SVE
system. Based on contaminant concentrations and permitting requirements, extracted air may be
discharged to the atmosphere or treated prior to discharging. Depressurization is retained as a

remedial measure.

In_Situ Chemical Reduction/Oxidation reactions chemically convert hazardous contaminants

to nonhazardous or less toxic compounds that are more stable, less mobile, and/or inert.
Reactions involve the transfer of electrons from one compound to another. Specifically, one
reactant is oxidized (loses electrons) and one is reduced (gains electrons). Applications can
involve direct injection of chemical reagents. Chemical oxidants commonly employed for TCE
and/or PCE include peroxide, ozone, and permanganate. These oxidants have been able to
cause the rapid and complete chemical destruction of many toxic organic chemicals. Chemical
reductants commonly employed for Cr*® contamination include: calcium polysulfide (CPS), ferrous
sulfate, and other sulfate-based reductants. One negative reaction is the possible degradation of
water quality by the introduction of sulfates, sodium, and Cr*¢ (in permanganates) and related
compounds. While this remedial measure is effective in remediating TCE, PCE, and/or Cr*S,
however, because of the large size and depth of the contaminants it would only be considered for
relatively small targeted hotspots. Bench-scale and/or pilot test studies would be necessary to

verify effectiveness. Chemical reduction/oxidation is retained as a remedial measure.

Air Sparging is an in situ technology in which air is injected through a contaminated aquifer.
Injected air traverses horizontally and vertically in channels through the soil column, creating an
underground stripper that removes contaminants by volatilization. This injected air helps to flush

(bubble) the contaminants up into the unsaturated zone where a SVE is usually implemented in
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conjunction with air sparging to remove the generated vapor phase contamination. This
technology is designed to operate at high flow rates to maintain increased contact between
groundwater and soil and strip more groundwater by sparging. Air sparging would be difficult with
the Site lithology which contains silty and clayed sands with silt and clay interbeds. Air sparging
is not an effective treatment for chromium which does not volatilize. Air sparging is not retained

as a remedial measure.

Dual Phase Extraction (DPE) also known as multi-phase extraction, vacuum-enhanced

extraction, or sometimes bioslurping, is a technology that uses a high vacuum system to remove
various combinations of contaminated groundwater, separate-phase petroleum product, and
hydrocarbon vapor from the subsurface. Extracted liquids and vapor are treated and collected for
disposal, or re-injected to the subsurface (where permissible under applicable state laws). In DPE
systems for liquid/vapor treatment, a high vacuum system is utilized to remove liquid and gas
from low permeability or heterogeneous formations. It removes contaminants from above and
below the water table. The system lowers the water table around the well. Contaminants in the
newly exposed vadose zone are then accessible to SVE. Once above ground, the extracted
vapors or liquid-phase organics and groundwater are separated and treated. DPE for liquid/vapor
treatment is generally combined with bioremediation, air sparging, or bioventing when the target
contaminants include long-chained hydrocarbons. Use of dual phase extraction with these
technologies can shorten the cleanup time at a site. It also can be used with pump-and-treat
technologies to recover groundwater in higher-yielding aquifers. In the regional aquifer, DPE
would be impracticable because of the depth to groundwater, low concentrations of TCE and cost
for the numerous wells needed to treat the large sized plume. Chromium in the vadose zone is

not remediated with dual phase extraction. DPE is not retained as a remedial measure.

Pump and Treat involves the pumping of contaminated groundwater to the surface for treatment.

Pump and treat may be performed to remove contaminants in groundwater and also to prevent
migration of contaminated groundwater by containment. For VOCs such as TCE, treatment may
include LGAC, advanced oxidation process (AOP), and/or stripper towers. For chromium
treatment may include exchange resins. Treated groundwater may be discharged to rivers/settling
basin, re-injected, and/or used for drinking water. It is a highly implementable remedial measure
that can be used for cleanup and/or containment. Pump and Treat is retained as a remedial

measure.
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IDENTIFICATION AND SCREENING SUMMARY
Technology Media COC | Comments Retained
: TCE, | This alternative would not achieve
No Action All Cr.Cr*6 | Site ROs. No
Monitored Natural TCE, C.an.be ap.plled. to al[ or part of the
. All s | site in conjunction with other Yes
Attenuation Cr,Cr .
remedial measures.
Enhanced All TCE, | Has a relatively high cost and No
Bioremediation Cr,Cr*¢ | would be difficult to implement.
Soil Flushin Soil TCE, | More applicable to smaller areas | Yes (for Cr*®)
9 (vadose) | Cr,Cr*® | of contamination. No (for TCE)
Soil Vapor Soil TCE SVE is a presumptive remedy for Yes
Extraction (vadose) treatment of VOCs in sail.
Ex Situ Treatment Saill TCE, | Cost prohibited because of size No
(vadose) Cr*¢ | and depths of contamination.
Institutional All TCE, | Cost effective. Can achieve some Yes
Controls Cr,Cr* | Site ROs.
TCE Includes placement of caps.
Engineering Control Soil Cr*G’ Inhibits direct contact and reduces Yes
water infiltration.
Depressurization Soil TCE Cost eff ectl\{e. Used to reduce Yes
vapor intrusion.
. More useful for hot spot treatment.
Chemical TCE, ! ) .
Reduction/Oxidation All Cr.Cr+ Bench tgstlng / pilot testing may Yes
be required.
Air Sparging Water TCE | Not amenable with Site lithology. No
DPE Al TCE Toq expensive and inefficient for No
regional aquifer. Not useful for Cr.
Pump and Treat TCE, | Can be used for cleanup and
Water . Yes
Cr containment.
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Contain the toe of the TCE regional aquifer plume by a P+T system. For the purpose of
this FS, three extraction wells and five monitor wells are to be installed to facilitate and
verify capture. Extracted groundwater will be treated by LGAC, AOP or stripper towers.
Treated groundwater will be provided to municipal water providers. Contingencies include:
P+T system upgrade to treat chromium contamination; use of existing water supply wells

for extraction; treated water discharge to injection wells or river/settling basin.

Perform MNA on the regional and perched aquifers. This includes annual monitoring and
sampling. To aid in monitoring, two of the groundwater monitor wells will be installed near

the toe of the plume to help define the eastern portion of the TCE Plume.

Maintain use of groundwater by continuing operation and maintenance of existing well
head treatment system. The existing well head treatment system at Silver Cholla MHP
utilizes LGAC treatment for TCE removal. As a contingency, property owners can connect
to alternate water supplies (e.g. municipal water companies). Other contingencies include
installation of additional well head treatment systems, or upgrading treatment system to

treat chromium contamination (e.g. exchange resin technology).

Mass reduction of TCE and chromium will be performed by operation of a portable P+T
System. The perched and regional aquifer hot spots will be targeted for the portable P+T
system operation. The portable system will be operated at single well points until
asymptotic conditions are observed. Because of anticipated short operation time at single
well points, smaller extracted volumes, and high costs for transferring to water system

entry points the treated groundwater will be discharged to storm channels or to sewers.

Reduce mass of TCE in soil vapor by installing and operating a SVE system over portions
of the source areas and adjacent properties (residential and commercial). The shallow
SVE wells will screened within 20 feet of land surface and be installed in hotspots. Deep
SVE wells will be screened within 20 feet of the perched aquifer and installed at hotspots
including the location the abandoned Fairfax Well. Soil gas monitoring points will be
installed to help monitor conditions during remediation. The removal of TCE in soil vapor
will reduce the risk of vapor intrusion and decrease the mass of TCE available for leaching
to groundwater. Deep vadose zone hot spots are identified in the vicinity of perched wells
IRA-16, IRA-17, and IRA-23, and SJ-MW-2. Because the anticipated treatment areas are

spread-out over the source areas, it is anticipated that treatment may be performed by a
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mobile treatment system using VGAC. Based on recommendations from the 2016 SVE
Pilot Testing a radius of influence of 50 feet will be used for design purposes. As a
contingency application of HVAC adjustments or depressurization may be performed to
address vapor intrusion. Also as a contingency indoor air samples may be collected at

various locations to determine remedial priorities.

Contain Cr*® and decrease mobility of chromium in soil by increasing the coverage of the
existing asphalt and maintaining the asphalt at the former Spring Joint property. The
asphalt provides a barrier to human contact and reduces water infiltration. ADEQ will
request the property owner to place a DEUR on the property. This FS report assumes that
the DEUR is emplaced, and that current and future property owners will maintain the
property as non-residential use and maintain the asphalt. As a contingency if the DEUR
is not signed, ADEQ will periodically access the Site and inspect for integrity and require

repairs as needed.

Reduce mass of Cr*® in soil and chromium in perched aquifer by application of reductive
agent and limited P+T. A reducing agent will be injected in the vadose zone above the
perched aquifer at the former Spring Joint property and allowed to slowly percolate down
into the perched groundwater. A perched aquifer extraction system will be installed to treat
chromium contaminated perched groundwater. Treated water will be discharged to storm
drain or sewer. Extraction and treatment will continue until relative asymptotic removal

conditions are reached. Bench-scale studies will be necessary to verify effectiveness.

For the purpose of the FS it is assumed that the remedies for soil vapor and groundwater

will require ten and 30 years, respectively.
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6.0 COMPARATIVE EVALUATION
Pursuant to A.A.C. R18-16-407(H) a Feasibility Study includes a comparative evaluation of the

three remedies. The comparison criteria will include:

¢ A demonstration that the remedial alternative will achieve the ROs.

e An evaluation of consistency with the water management plans of affected water
providers and the general land use plans of local governments with land use jurisdiction.

e An evaluation of the comparison criteria, including:
o Practicability

o Risk
o Cost
o Benefit

Below is a discussion of all three remedies in relation to the above comparison criteria (Table 2).
All three remedies are presented concurrently, thereby similarities and differences are easier to

identify.

6.1 ACHIEVEMENT OF REMEDIAL OBJECTIVES

Soils contaminated with Cr*6. The Reference, Less Aggressive and More Aggressive Remedies

will achieve the Site ROs for land use at the former Spring Joint property by protecting against
human exposure to Cr*® contaminated soils. All three plans include maintenance of an asphalt
cap and parking lot as a barrier to human contact and infiltration. Additionally, all three remedies
include inspections and maintenance of the cap and parking lot to ensure appropriate monitoring
and mitigation measures are performed. The ROs also require protection against possible
exposure to hazardous substances in surface and subsurface soils on the RSC property.
However, the only exceedance of Cr*® detected on the RSC was associated with perched water

migrating from the neighboring property; therefore the soil ROs do not apply to this property.

Soils contaminated with TCE and/or PCE. The Reference and More Aggressive Remedies will

achieve the Site ROs for land use by reducing the potential of vapor intrusion by mass removal
and treatment using a SVE system. Operation of the SVE systems can be performed without
significant interruption to current occupant activities. The Less Aggressive Remedy will achieve

the Site ROs for land use by reducing indoor air concentrations of TCE and/or PCE at buildings
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which may be impacted in the futre. Reduction of indoor air concentrations will be achieved

individual building remedial measures such as adjustments to HVAC systems.

Perched Groundwater. Contamination is present in the perched aquifer and it is a continuing

threat to the regional aquifer. The Reference and Less Aggressive Remedies provide for
MNA/monitoring of the perched aquifer. The More Aggressive Remedy reduces contaminant
mass in the perched aquifer by application of a reductive agent for treating Cr*¢ and pump and

treating for TCE hotspots.

Regional Groundwater. The Reference and More Aggressive Remedies achieve the Site ROs by

containing the plume and treating groundwater to meet AWQSs for TCE and chromium. The Less
Aggressive Remedy restores groundwater use by well head treatment allowing for future use of
groundwater. The More Aggressive Remedy reduces TCE by removing contaminants utilizing

pump and treat technologies additionally at hot spots.

6.2 CONSISTENCY WITH LAND USE AND CONSIDERATION OF WATER MANAGEMENT
PLANS

Soils contaminated with Cr*6. The Reference, Less Aggressive and More Aggressive Remedies

are consistent with the land use at the former Spring Joint property as they will protect against
human exposure while allowing continued non-residential use of the property. None of the
remedies will reduce all Cr*® concentrations to below SRLs, therefore unrestricted use of the

property will not be achieved.

Soils contaminated with TCE and/or PCE. The Reference and Most Aggressive Remedies will

include SVE systems installed on properties on the western side of Romero Drive between Prince
Road and Price Street. The systems can be installed and operated with a minimal impact on
property operations. It is anticipated that the SVE systems will only need to operate for a few
months to a few years, during which time the current land uses are not anticipated to change. The
Less Aggressive Remedy will include adjustments to the HVAC system and/or installation of
depressurization system with off-gas treatment at select building locations. Impacts may include
coordination between ADEQ and land owners and adjustments to HVAC operations. The activities

can be performed with minimal disruption to property operations. The length of time the Less
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Aggressive Remedy will need to be conducted is based on the length of time it takes for TCE and
PCE concentrations to drop to levels no longer a risk for vapor intrusion. Therefore, all three

remedies are consistent with land use.

Perched Groundwater with TCE, PCE and/or Cr*¢. There are no identified uses for perched

groundwater. Contamination from the perched aquifer may impact the Regional Aquifer by

leaching.

Regional Groundwater. Municipal water management plans maintain the use of the regional

aquifer in the Study Area as a source of drinking water. Additionally, small water providers and
private well owners have expressed interest in maintaining use of their water supply wells
(Figure 16). The Reference, Less Aggressive and More Aggressive Remedies are consistent with
municipal water plans and other well owners interests as they allow for the continued use of the
regional aquifer. All three remedies extract and treat groundwater by removing TCE, PCE, and
as a contingency, chromium, to concentrations below AWQSs. The Reference and More
Aggressive Remedies also protect downgradient water supply wells by containment of the TCE

Plume.

6.3 PRACTICABILITY

Soils_contaminated with Cr*6. Because they include maintaining the existing asphalt cap and

parking lot the Reference, Less Aggressive and More Aggressive Remedies are practicable
remedies for Cr* contaminated soils. The asphalt cap and parking lot is a relatively low cost way
of preventing human contact. Infiltration should not be a significant problem because the former
Spring Joint property is on relatively flat land and not adjacent to a wash or culvert. As long as
the integrity of the asphalt is maintained, it is an effective reliable short-term and long-term
remedial action for reducing infiltration and preventing contact. The More Aggressive Remedy
includes larger asphalt capping and injection of a reductive agent into the vadose zone with
perched aquifer extraction and treatment. The actual practicability of the More Aggressive

Remedy would require bench-scale and in situ pilot tests to fully determine.

Soils contaminated with TCE and/or PCE. The Reference and More Aggressive Remedies utilize

a SVE system, which is a well-established remedial measure highly capable of reducing VOC soil
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vapor concentrations. SVE is most effective in removing VOCs from coarse-grained materials.
Treatment of VOCs in fine grained materials takes longer and is less efficient. SVE pilot testing
performed in 2016 concluded that “SVE is a feasible technology to address soil vapor at the site.”
(Amec, 2016¢). Most of the target treatment area is covered with asphalt which helps mitigate
potential atmosphere short circuiting. As long as there are no continuing sources the short term
and long term effectiveness of SVE is high because it permanently removes the contaminants.
The remedy will require drilling numerous SVE wells, installing pipelines and constructing and
operating a treatment system. Coordination with land owners is essential for the performance of
the remedies and reducing interruption of site operations. The Less Aggressive Remedy uses
HVAC or other methods to decrease the indoor air concentrations of VOCs. These options are
very practical remedial measure which is relatively easy and inexpensive to implement. The Less
Aggressive Remedy is more effective in the short-term because the change in indoor air
concentrations is almost immediate. However, the long-term effectiveness would rely on
maintenance of the remedial measure chosen, because VOCs are not actively removed from the

underlying soils.

Perched Groundwater. The Reference and More Aggressive Remedies contain an SVE system

which may reduce levels of TCE and PCE in the vadose zone available for leaching to the perched
groundwater. The More Aggressive Remedy also includes injection of reductive agents into the
vadose zone which may reduce the available Cr*® for leaching to the perched groundwater.
Additionally, the More Aggressive Remedy includes pump and treating TCE hot spots. All three

remedies are easily implementable.

Regional Groundwater. The Reference Remedy P+T System is a well-established remedial

measure for containing and/or treating contaminated groundwater. It is noted that Pump and Treat
remedies have been selected for two nearby environmental projects: Silverbell Landfill and
Shannon Road/El Camino del Cerro. Each environmental project uses P+T to contain a regional
aquifer VOC plume. Using the treated groundwater for drinking water is the most beneficial and
practical remedy for maintaining the use of the regional aquifer. As a contingency, an alternate,
albeit less beneficial and practicable use of treated groundwater, is injection into the regional
aquifer or discharge to the Santa Cruz River or the Rillito Creek. Injection may be performed in

injection wells positioned a manner which aids in containment of the TCE plume. The toe of the
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plume area is not highly developed, therefore, there are numerous open land locations where a
treatment system can be placed. All three remedies have similar short-term effectiveness
because each contains a well head treatment component for impacted supply wells. The
Reference and More Aggressive Remedies have a better long-term impact because of the
containment of downgradient migration of contaminants and the greater mass removed. The More
Aggressive Remedy includes P+T TCE hot spots. This is a practical remedial action, however,
the impact will likely be localized over the short term. The Less Aggressive Remedy will leave
more contaminants in the groundwater over the long-term. Additionally, it may become less

practical if the TCE plume migrates north impacting existing supply wells.

MNA is an easy to implement and practicable remedial action. Numerous monitor wells have
already been installed to monitor chromium and TCE. Without a continuing source, the
concentration of chromium and TCE are likely to decrease with time by MNA processes (e.g.
dilution). The pump and treatment systems in all three remedies may be modified to incorporate

a chromium treatment system.
6.4 RISKS

Soils contaminated with Cr*®

The main risk from Cr*8 in soils to public health and welfare i